Abstract. A negative feedback between local abundance and natural enemies could contribute to maintaining tree species diversity by constraining population growth of common species. Soil pathogens could be an important mechanism of such noncompetitive distance and density-dependent (NCDD) mortality, but susceptibility to local pathogens may be ameliorated by a life history strategy that favors survivorship. In a shade-house experiment (1% full sun), we tested seedling life span, growth, and mass allocation responses to microbial extract filtered from conspecific-cultured soil in 21 tree species that varied in abundance and shade tolerance in a wet tropical forest (La Selva Biological Station, Costa Rica). Forty-three percent of the species had significant reductions, and 10% of the species had significant increases in life span, growth, root length, or root surface area when inoculated with microbial extract; 10% of the species experienced opposing reductions and increases in these characteristics. Contrary to expectation, species' local abundance was not related to speciesspecific responses to microbial extracts from cultured soils. Across species, seedling shade tolerance (survival at 1% full sun) was negatively correlated with susceptibility to the microbial treatment for both survival and total mass accumulation, thereby exaggerating shade tolerance differences among species. Thus, soil pathogens may contribute to species coexistence through heightening niche differentiation rather than through negative density dependence in common species.
INTRODUCTION
Identifying the mechanisms that maintain tree species richness is a central question in plant community ecology. Under the competitive-exclusion principle, competitively superior species exclude inferior species in the absence of niche partitioning (Gause 1934) . Although there has been a vast array of hypotheses proposed for how competitive exclusion can be precluded (Palmer 1994) , one of the most influential was put forth independently by Janzen (1970) and Connell (1971) . They proposed that host-specific natural enemies could maintain high tree diversity of tropical forests by reducing seed and/or seedling survivorship near conspecific adults and/or at high conspecific densities. Such noncompetitive distance-or density-dependent (NCDD) mortality would favor establishment of heterospecific individuals, thus promoting species coexistence.
Soil pathogens (e.g., fungi, bacteria, and/or nematodes) could be an important mechanism of NCDD seedling mortality and/or reduced growth because many of these pathogens show strong host specialization, short generation times, high fecundity, long persistence in soil, and more limited dispersal than their hosts (Agrios 1997 , Gilbert 2002 . These characteristics could underpin the mechanisms that create negative feedback when individual plants ''culture'' the soil microbial community in which they grow to the detriment of themselves and other conspecific individuals (van der Putten et al. 1993 , Bever 1994 , Mills and Bever 1998 , Klironomos 2002 . Although soil pathogens have a long history of study in forestry and horticulture, their potential role as a mechanism of NCDD mortality in the dynamics of natural plant communities has only recently been more widely recognized (Gilbert and Hubbell 1996 , Packer and Clay 2000 , 2003 , Hood et al. 2004 , Bell et al. 2006 .
Maintaining species diversity via NCDD responses requires that these processes are more prevalent in species that are common vs. those that are rare, thereby constraining the abundance of common species. There are at least two distinct mechanisms through which species abundance could influence NCDD responses. First, rare species may ''escape'' NCDD mortality because they have fewer specialist enemies due to their low abundance and unpredictable distributions in time and space (comparable to ''apparency'' theory for herbivory [Feeny 1976, Rhoades and Cates 1976] ). From this same view, common species, more available as hosts, could be targeted disproportionately by enemies, leading to the community compensatory trend posited by Connell (1971 Connell ( , 1978 . Thus common species 1 E-mail: mccar162@msu.edu would be expected to experience greater impact from enemies than rare species, regardless of distance or density from conspecifics. Under the second mechanism, rarity could be an advantage, even if rare and common species experience similar NCDD processes, simply because rare species are less likely to encounter areas ''cultured'' by conspecifics than common species. Both mechanisms would operate to promote species coexistence, but their distinction has not been recognized. It is also possible that rare species experience stronger NCDD mortality due to pathogens than common species, as supported in grasslands (Klironomos 2002) , providing an explanation for species rarity. Among tropical trees, there is conflicting evidence on the relationship between species abundance and strength of NCDD. Negative effects of distance or density on survivorship and/or growth sometimes are reported to be more severe in common vs. rare species (Wills et al. 1997 , 2006 , Webb and Peart 1999 , sometimes the converse (He et al. 1997 , Hubbell et al. 2001 , Ahumada et al. 2004 , and sometimes are pervasive with no relationship to local species abundance (Harms et al. 2000 , Peters 2003 . It is important to note that most studies have investigated only more common species because of inherently low samples sizes in rare species (Wills and Condit 1999, Wills et al. 2004 ). Nevertheless, these conflicting observational results, occasionally from the same study site and investigators, provide strong motivation for experimentally testing specific mechanisms of NCDD and its relationship to species abundance.
Species-specific traits may also influence susceptibility to and/or impact of disease. For instance, shadeintolerant species tend to invest in traits that maximize growth (Herms and Mattson 1992 , Reich et al. 1998 , Walters and Reich 1999 while shade-tolerant species invest more in functions that enhance survivorship, such as defense against natural enemies (Coley et al. 1985, Coley and Barone 1996) and carbohydrate storage (Kobe 1997, Myers and Kitajima 2007) . Thus, the expectation is that shade-intolerant species could be more susceptible to disease than shade-tolerant species (Augspurger and Kelly 1984) . Similarly, species with larger seed mass may offset disease-related losses during germination and establishment (Foster 1986, Armstrong and Westoby 1993) .
The spatial scale of NCDD processes depends upon the biology of the particular natural enemy and host plant. Because soil-borne pathogens have limited dispersal (Agrios 1997 , Gilbert 2002 , we expect that soil ''culturing'' operates at a spatial scale commensurate with the area occupied by an individual canopy tree. From the vantage point of understanding species coexistence, density-dependence must extend beyond the scale of a single tree and is most relevant at the local community level.
The purpose of this study was to determine the prevalence and effect of pathogens, derived from soils cultured by conspecific adults and seedlings, through a broad survey of tropical tree species. This survey served as the basis for selecting species that were included in a subsequent experiment focused on the effects of soils cultured by conspecific vs. heterospecific individuals (S. McCarthy-Neumann and R. K. Kobe, unpublished manuscript) . In the present study, we tested the following hypotheses: (1) Seedling survival and growth decrease with soil microbial extract cultured by conspecific adults and seedlings vs. sterilized extract. (2) A species' vulnerability to soil pathogens increases with its abundance. (3) Among species, vulnerability to soil pathogens declines with increasing shade tolerance.
MATERIALS AND METHODS
Field site.-This research took place at La Selva Biological Station (Sarapiquı´Region, Costa Rica) operated by the Organization for Tropical Studies. La Selva is a 1510-ha reserve of diverse (400þ tree species), wet, tropical forest receiving ;4000 mm of rain annually with a mean annual temperature of 25.88C (Hartshorn and Hammell 1994) . Per distributions of focal species, we primarily collected residual soils of volcanic origin, which are the most common at La Selva (Sollins et al. 1994) and which are representative of other tropical areas. We collected alluvial soil for the study species (Castilla, Luehea, and Neea) that occur only under these conditions.
Species.-In 10-week-long experiments, undertaken from April 2004 to July 2005, we assessed survivorship and growth responses of seedlings of 21 tree species (Table 1) to soil pathogens in a shade-house experiment. Henceforth, we refer to species by genus name. We randomly selected species from those encountered in a 5.5-year field study of natural seedling dynamics (R. K. Kobe and C. F. Vriesendorp, unpublished manuscript) , with species selection stratified across local abundance (based upon adult and seedling density), local dominance (basal area), seedling shade tolerance, and dry seed mass (determined from ;20 randomly selected seeds with emergent radicles for each species). Adult abundance was assessed as the density of !5 cm dbh individuals (number/ha) within three 41 3 240 m mapped stands and seedling abundance as mean standing seedling density over 5.5 years within a 1 3 200 m belt transect located in the middle of each stand (R. K. Kobe and C. F. Vriesendorp, unpublished manuscript) . We characterized species shade tolerance as the probability of seedling survival at 1% full sun and zero conspecific seedling density, calculated from mortality models that were calibrated from survival time data of naturally established seedlings in 1-m 2 quadrats that were censused every six weeks as part of the same 5.5-year field study (C. F. Vriesendorp and R. K. Kobe, unpublished manuscript) . Light availability was assessed as percent canopy openness estimated from hemispherical canopy photos for each quadrat (measured twice during this period) and density was expressed as the mean conspecific density experienced by a seedling over its lifetime. By evaluating the mortality models at zero density, we are removing NCDD effects on seedlings from the estimates of shade tolerance. Sample sizes for model calibration for the species of interest ranged from 13 to 6051 seedlings (median N ¼ 119 seedlings). Survival analysis and maximum likelihood techniques were used to estimate the parameters for the survival models, generally following methods in Kobe (1999) . Due to low sample sizes, survival models have not been developed for four study species. For these species, shade tolerance was interpolated to our scale based on published low-light mortality (Luehea [R. K. Kobe, unpublished data] , Miconia [Pearson et al. 2003 ], Stryphnodendron [Guariguata 2000] , and Trophis [Kobe 1999]) .
Soil and seed collection.-We derived microbial extract from areas predicted to have the strongest negative effect, i.e., near adults and at high seedling density. For each species, we removed a 10 cm diameter by 30 cm deep soil core from within 1 m of the bole of four randomly selected conspecific adults, with a dbh at !75th percentile for that species. For further culturing, each soil core was planted with four conspecific seedlings at 1% full sun for eight weeks or until all seedlings had died, whichever occurred first. Soil was stored at 48C until seeds were available for planting.
Seeds were collected within 10 m of trails throughout La Selva. Seeds were surface sterilized (0.6% NaOCl for three minutes), rinsed with deionized water and germinated in either ziplock bags with peat moss or petri dishes with filter paper in partial sun. Prior to planting, seeds were surface sterilized with NaOCl for 30 s, rinsed with deionized water, air-dried for 15 min, and weighed. Because seeds were unavailable, we used recently germinated Coussarea and Vochysia field-collected seedlings, which were sterilized for 30 s with 0.6% NaOCl and rinsed with deionized water.
Microbial extraction and planting.-Soil microorganisms (excluding arbuscular mycorrhizal fungi, AMF [Sylvia 1994 ]) were extracted from cultured soil using a wet-sieving method adapted from Klironomos (2002) , which culls particles !20 lm. For each extraction, 30 g of soil was blended with 200 mL of tap water for 30 s. The liquid suspension was washed through 250-, 45-, and 20-lm analytical sieves with tap water, but keeping the extract to 450 mL. Sieves were cleaned ultrasonically between each extraction.
On the same day, seeds with newly emerged radicles were planted in a 1:4 mixture of sterilized field soil and commercial peat moss (Nutripeat, Sun Gro Horticulture Canada Ltd., Vancouver, British Columbia, Canada). Field soil was collected from a common pit in a residual, secondary forest at La Selva and was autoclaved for 1 h at 1218C followed by a 2-day incubation and a second autoclaving. Each seedling was randomly assigned to an extract from one of four soil cores (each core collected near a different conspecific adult and kept separate to test for effect of individual tree) and received either 100 mL nonsterilized extract (microbial treatment) or 100 mL extract that was autoclaved for 20 min at 1218C (control). We did not add AMF spores (collected on the 45-lm sieve) because they enhanced seedling mortality under similar conditions in a previous experiment (S. McCarthy-Neumann and R. K. Kobe, unpublished data).
Experimental treatments and seedling measurements.-To summarize, experimental treatments consisted of 21 tree species, four or two conspecific adults where soil was collected, and two soil extract treatments (nonsterile vs. sterile). Soil for Dussia, Quararibea, and Virola were collected from only two conspecific adults due to limited seed availability; all other species had four conspecific adult locations. The average number of seedling replicates was 7.5 replicates per extract treatment per adult because half were replicated eight times and half were replicated seven times. The 1170 seedlings were randomly assigned to each of the six benches with the criterion that each bench had five replicates per extract treatment per species. To mimic understory irradiance (Chazdon and Fetcher 1984) , potted seedlings were placed in two shade houses at ;1% full sun. We confirmed light levels with paired PAR (photosynthetically active radiation) measurements in the open and at each shade house bench with a LI-COR 250A quantum sensor (LI-COR, Lincoln, Nebraska, USA) on a uniformly overcast day. Emergence and survival were censused three times each week, height was measured weekly, and seedlings were watered (;50 mL of deionized water) by hand twice weekly throughout the experiment. We assigned date of death as the first census with total leaf and/or stem tissue necrosis. To determine mass and mass allocation, we harvested seedlings surviving to the end of the experiment, washed soil from roots, and divided seedlings into root, stem, and leaf fractions. Necrotic tissue was not included. Roots (except Colubrina, Quararibea, and Virola) were scanned (Epson Perfection 1260; Epson America, Long Beach, California, USA) at high resolution (400 dpi), colored black in Photoshop Plus (Adobe Systems, San Jose, California, USA) for enhanced image contrast and analyzed using WinRHIZO system version 5.0 (Regent Instruments, Blain, Quebec, Canada) for length and surface area. Tissue was oven-dried at 708C to constant mass and weighed.
To test for unintended nutrient differences between treatment and control, we measured nitrogen concentrations (as the percentage of oven-dried leaf mass) with a CHN Analyzer (Carlo Erba Instruments, Milan, Italy) for 12 of the 21 species (N ¼ 10 seedlings for each species-treatment group).
Statistical analysis.-Results for all analyses were considered significant at P 0.10 because the study's short duration and low light conditions limited the threshold for treatment effects that could be detected, especially in growth and allocation.
Emergence time and life span, the latter of which includes mortality during both pre-and post-aboveground emergence stages (preemergence mortality was estimated as the mean emergence date for seedlings of each species), were compared between microbial and sterile treatments using the Breslow v 2 test of homogeneity in a Kaplan-Meier survival analysis (SPSS version 14.0; SPSS, Chicago, Illinois, USA). The Breslow v 2 was adjusted for the effect of adult in soil collection and/or bench when these terms had a P value 0.25.
We tested for main treatment (extract and adult) effects and their interactions on growth, allocation, and root morphology with ANCOVA using bench as a blocking factor (SPSS) and seed mass as a covariate in the growth and root morphology analyses and total plant mass as a covariate in allocation analysis. Root mass also was used as a covariate in root morphology analysis. We ran full models (extract, adult, bench, covariate, and their interactions) for each dependent variable and species and determined that the covariate effects were independent of treatment effects (P . 0.05). Thus, main treatments 3 covariate interaction terms were removed. If adult, bench, covariate, or extract 3 adult terms were insignificant beyond the threshold suggested for pooling variances P . 0.25 (Bancroft 1964) , then the highest order term with the highest P value was removed and the analysis was run with the reduced model. This process was repeated until all terms with P . 0.25 were removed. Adjusted means of treatments were compared under ANCOVA and raw means under ANOVA. We used a two-tailed independent t test for each species (SPSS) to test for unintended treatment differences in foliar N concentrations.
We used fixed effects meta-analysis (MetaWin, version 1.0; Sinauer Associates, Sunderland, Massachusetts, USA) to test effects of seedling shade tolerance, adult and seedling abundance, species basal area, and seed size on species sensitivity to the soil microbial extracts. Each species was placed into one of three categories for each of these characteristics, and we tested whether effect size (mean difference between treatment and control means, weighted by each group's sample size) differed among categories using a between-class homogeneity statistic (Q b ; Gurevitch and Hedges 1993) for life span, total mass, organ mass, mass allocation, and height and root morphology. In parallel, with multiple stepwise linear regression we tested for relationships between species characteristics (Table 1) and changes in seedling performance ([(mean total mass) 3 Data presented are means and standard deviations from mapped stands. à Percentage mortality at 1% full sun; without the seedling density parameter due to small sample size.
§ Data sets used to indirectly determine shade tolerance for species whose mortality models were not reported due to small sample sizes: Luehea (R. K. Kobe, unpublished data), Trophis (Kobe 1999 A few seedlings (2.5%) were not used for some analyses due to accidental loss of seedling tissue prior to weighing (15 seedlings), failure to scan roots (14 seedlings), or other factors (two seedlings were uprooted during watering; one Pentaclethra seedling had a 40% larger seed size than the second largest seed for that species).
RESULTS
Emergence and survival.-Life span in the microbial treatment was significantly lower for seedlings of Luehea, Coussarea, and Prestoea (23%, 13%, and 10%, respectively) and was higher for Iriartea and Welfia (14% and 5%, respectively) compared to the sterile treatment (Table 2 and Appendix A). Soil microorganisms did not influence emergence time for any species.
Plant mass and allocation.-Microbial treatments reduced total mass for Apeiba (15%), Castilla (8%), and Pentaclethra (18%) seedlings (P , 0.10; Table 2 and Appendix B) and also impacted mass of individual organs in other species, which may influence future performance. Three species (Guatteria, Trophis, and Iriartea) had lower root mass, two species (Coussarea and Prestoea) lower stem mass, five species (Apeiba, Castilla, Prestoea, Quararibea, and Virola) lower leaf mass, and one species (Castilla) lower root length and surface area in response to the microbial treatment. Only two species increased organ mass (Dussia for stem and Prestoea for cotyledon) in the microbial treatment ( Table 2) . Distribution of mass among organs was impacted by microbial extract for eight species, but there was considerable variation among species in which organ mass was impacted and whether the response was positive or negative (Table 2) . Castilla and Euterpe seedlings decreased specific root length and Castilla reduced specific root surface area in the microbial vs. sterile treatment (Table 2) . Growth and mass allocation were affected by which adult cultured the soil for 17 and 16 of the study species, respectively (McCarthy-Neumann 2008: Appendices B-C). Likewise, initial seed mass was a significant covariate in most growth responses for all species except Quararibea and Miconia (McCarthy-Neumann 2008: Appendix B). Mean foliar N concentrations did not differ between treatment and control for any species (results not shown).
Meta-analysis: functional group comparisons.-Contrary to expectation, common species (whether measured as adult density, seedling density, or species basal area) were not more responsive to the microbial treatments than relatively rare species with respect to emergence time (results not shown), life span (Fig. 1A) or total plant mass (Fig. 1B) . However, species shade tolerance was associated with seedling response to the microbial treatment, which lengthened seedling life span for shade-tolerant species but not intermediate and Species shade tolerance was the only tested characteristic that was related to species sensitivity to the microbial treatment (assessed as percentage change in seedling performance in the treatment relative to the sterile control) (F ¼ 15.79, df ¼ 1, 19, P ¼ 0.001, R 2 ¼ 0.45; Fig. 2 ). Shade tolerance was correlated with seed size for these species (F ¼ 5.15, df ¼ 1, 19, P ¼ 0.04, R 2 ¼ 0.21), but seed size was not related to sensitivity to the microbial treatment even when shade tolerance was not included in the regression.
DISCUSSION
Species susceptibility to soil microorganisms in low light was inversely correlated with seedling shade tolerance ( Figs. 1 and 2 ), supporting our third hypothesis. Shade-intolerant species generally had reduced total mass in the microbial treatment (Fig. 1B) whereas shade-tolerant and large-seeded species had increased life span (Fig. 1A) . Thus, NCDD via soil microorgan- isms exaggerated differences in seedling shade tolerance, leading to enhanced potential for tree species coexistence through light-gradient partitioning in the presence of soil microorganisms. Similarly, plant-soil feedbacks could be partially responsible for the segregation of tropical tree seedlings along light gradients found in recent experimental field studies (Kobe 1999, Montgomery and Chazdon 2002) . However, because our experiment took place solely under low light, our inferences are limited to how soil microorganisms influence species' shade tolerance, but not performance at high light. Heightened vulnerability of shade-intolerant species to the microbial treatment could reflect lower investment in defense (e.g., weak leaves, fewer secondary metabolites, and reduced carbohydrate storage [Coley et al. 1985 , Coley and Barone 1996 , Myers and Kitajima 2007 ). These characteristics, often found in shadetolerant species, have been documented to defend against insect herbivores but they may also help protect seedlings from disease. Soil fungal pathogens are likely the agent causing the negative response in shadeintolerant species to the microbial treatment. These seedlings often had symptoms characteristic of dampingoff (i.e., necrotic roots or stem tissue at root collar and/or leaf discoloration and wilting) and we have isolated several fungal pathogens (including species of Fusarium and Rhizoctonia) from a subsequent experiment using a subset of these species and the same extraction methodology.
Our results suggest that the negative effect of the microbial treatment outweighed any positive microbial influences for the shade-intolerant species. In contrast, in shade-tolerant species, the positive impacts of the soil microbial community (absence of AM fungi) appear to outweigh their negative impacts, for a positive net effect. We investigated whether the positive response in shadetolerant and large seeded species to the microbial treatment could be due to microorganisms involved in nutrient cycling by measuring foliar nitrogen (N). However, N concentration did not differ between treatment and control for any species investigated and were generally high (mean ¼ 1.7-7.7%), suggesting that N was not limiting. Other nutrients or microorganisms could differ between the treatment and control such that the elimination of the soil microbial community led to decreased performance in these species. However, a particular factor has yet to be identified.
The covariance between shade tolerance and disease resistance documented here is consistent with the correlation between wood density (as a proxy for shade tolerance) and disease resistance in 18 tropical tree species (Augspurger and Kelly 1984) . The soil used in their study was from a single common soil pit, suggesting either that generalist pathogens were causing mortality or that host-specific pathogens were ubiquitous. In contrast, the present study used soil that was cultured by conspecific trees in order to assess the potential for neighborhood-scale negative feedbacks between soil pathogens and tree seedlings. It is 
Species Variables with significant response
Luehea seemannii life span (À23%*), root surface area fraction (À47% ) Neea psychotroides root length fraction (þ21%*) Apeiba membranacea total mass (À15% ), leaf mass (À23%*), root mass fraction (þ21% ) Colubrina spinosa no significant response Guatteria diospyroides root mass (À12% ) Psychotria panamensis no significant response Castilla elastica total mass (À8% ), leaf mass (À12%*), root length (À15% ), root surface area (À11%**), root mass fraction (þ9% ), stem mass fraction (þ7%*), leaf mass fraction (À4%**), specific root length (À12%**), specific root surface area (À8%*) Coussarea hondensis life span (À13% ), stem mass (À12% ), leaf mass fraction (þ13% ) Pentaclethra macroloba total mass (À18% ) Prestoea decurrens life span (À10% ), stem mass (À18%**), leaf mass (À21%*), cotyledon mass (þ31%*), stem mass fraction (À20%*), leaf mass fraction (À12% ), cotyledon mass fraction (þ11%*) Quararibea bracteolosa leaf mass (À29% ) Trophis racemosa root mass (À13%*) Vochysia ferruginea no significant response Capparis pittieri no significant response Euterpe precatoria specific root length (À9% ) Iriartea deltoidea life span (þ14%*), root mass (À23%*) (À16%*), root mass fraction (À18%*), stem mass fraction (À12% ), cotyledon mass fraction (þ1%*), root length fraction (À16% ), root surface area fraction (À15%*) Welfia regia life span (þ5% ) Virola koschnyi leaf mass (À15% ), stem mass fraction (þ10%*), leaf mass fraction (À11% ) Dussia macrophyllata stem mass (þ45%*) Miconia affinis no significant response Stryphnodendron microstachyum no significant response Note: Values given are the negative (À) or positive (þ) percentage difference in seedling response between the microbial and control environment. P 0.10; * P 0.05; ** P 0.01.
unknown, however, whether the study tree species vary in susceptibility and/or response to a few soil-borne pathogen species or whether there are many host-specific pathogen species, each with a unique feedback with a tree species. The former scenario is probably more likely considering that Augspurger and Wilkinson (2007) demonstrated that Pythium, a common soil pathogen, varies in pathogenicity among seedlings of different tropical tree species but does not show strict host specificity. A similar result was found with four temperate tree species and five Fusarium morphotypes (S. McCarthy-Neumann and R. K. Kobe, unpublished manuscript).
We acknowledge the possibility that our estimates of shade tolerance could include some contribution from pathogens, but only to the extent that the pathogens are independent of conspecific density (since we removed density effects from the model estimates of low-light survivorship). However, it is highly unlikely that our estimates of shade tolerance arise from species differences in susceptibility to density-independent pathogens, which in turn led to a relationship between apparent shade tolerance and sensitivity to pathogens. First, many soil pathogens are passively spread and thus their transmission is density dependent. Second, species differences in shade tolerance arise from variation in morphological and physiological traits, including leaflevel gas exchange, whole-plant mass allocation to organs, and allocation to carbohydrate storage (Reich et al. 1998 , Poorter and Rose 2005 , Myers and Kitajima 2007 . Given this well-founded body of knowledge, it is very unlikely that density-independent pathogens are the major cause of species differences in shade tolerance. Nevertheless, interactions between shade tolerance and species susceptibility to soil pathogens likely influences species distributions across light gradients, especially since soil-borne diseases on tree seedlings appear to be higher in the shaded understory than in canopy gaps (Augspurger 1984, Augspurger and Kelly 1984) . This potential spatial covariance between shade and soil- borne diseases together with the covarying species traits of susceptibilities to shade and pathogens would act in concert to exaggerate differences among species in habitat preferences. Species sensitivity to the microbial treatment, as assessed with seedling performance, was not related to local species abundance. These results are similar to findings in other tropical forests in seed to seedling transitions (Harms et al. 2000) and adult tree mortality (Peters 2003) . In our study, both rare and common species are equally attacked by natural enemies in conspecific influenced neighborhoods, which runs counter to our second hypothesis and suggests that plant-soil microbial feedbacks are not consistent with the JanzenConnell hypothesis. However, we have not eliminated the possibility that rare species could have an advantage over common species because their seedlings are less likely to encounter soils with host-specific pathogens due to the low density of conspecifics ''culturing'' these pathogens. If this community-level dynamic is occurring, then plant-soil microbial feedbacks could still facilitate tree species coexistence through Janzen-Connell processes. Most studies, including our own, investigate the relationship between species abundance and NCDD using current species abundance which is a static metric. A preferable approach would be to link trajectories of tree species abundance in a community to disease pressure through time (i.e., do common species become less common due to increased pressure and vice versa).
The relationship between species abundance and susceptibility to soil microorganisms could be dependent on the spatial scale at which abundance is determined. The appropriate scale for determining abundance for our study was the community since our focus was on species coexistence. Additionally, the spatial scale of interactions between trees and natural enemies depends strongly on the mobility of the enemies. Interactions between plants and the soil community appear to be quite local given that there was significant variation in seedling response to soil cultured by different trees of the same species. However, the effect of these feedbacks should be manifested at the community level per the Janzen-Connell model. Although it is difficult to place spatial boundaries on a community, 1-ha plots are likely an adequate, albeit arbitrary, representation. Even if we had quantified abundance from smaller plots, relative species rankings in abundance would not have changed (e.g., Pentaclethra and Welfia both would still be common with Pentaclethra having intermediate susceptibility among species and Welfia having a positive response to soil microorganisms). Regardless of scale, it is unlikely that soil pathogens target common species preferentially since susceptibility was not related to abundance.
There was considerable variation among the 21 species in the way that they responded to the microbial treatment. Eight of these species responded to soil microorganisms cultured by conspecific adults and seedlings through changes in their life span or total mass. An additional five species responded solely through changes in individual organ mass or root morphology. Although about half of the study species exhibited some form of negative feedback with the soil microbial community cultured by conspecific individuals, our first hypothesis was only weakly supported since there were also a few species that exhibited positive feedbacks.
Our results support the accumulating evidence in field and greenhouse studies that negative feedbacks between plants and soil microorganisms can be an important mechanism impacting community dynamics in both tropical (Hood et al. 2004 , Bell et al. 2006 ) and temperate (Packer and Clay 2000 , 2003 , Reinhart et al. 2005 ; S. McCarthy-Neumann and R. K. Kobe, unpublished manuscript) forests as well as grassland (Bever 1994 , Mills and Bever 1998 , Klironomos 2002 and dune (van der Putten et al. 1993) ecosystems. In addition, our results suggest that considerable spatial and temporal heterogeneity in plant-soil interactions likely exist in tropical forests since the seedling response to conspecific cultured soil was influenced by variability among individual adults for a majority of species. Moreover, our multispecies study determined that life history characteristics of the plant species (e.g., shade tolerance and, to a lesser extent, seed size) are important factors in how the plant responds to the feedback and thus, links plant-soil feedbacks with light gradient partitioning.
Our results are likely conservative due to limitations of our experimental design. Seedling growth was highly constrained by low light and the experiment's short duration, thus constricting differentiation between treatments. However, the low-light condition may have enhanced the mortality response of seedlings to the microbial treatment since low light has been shown to increase the negative effects of pathogen infection (Augspurger 1984, Augspurger and Kelly 1984) . In addition, soil storage at 48C prior to microbial extract filtration may have decreased the abundance and/or influenced the composition of the soil microbial community. We also did not consider seed density as a metric for species abundance even though soil pathogens can cause high mortality at the preemergence seed state (Forget et al. 2004) . Similarly, we focused on soil pathogens as the natural enemy and the strength of numerous other density-dependent processes (e.g., foliar pathogens, insect herbivores, and vertebrate predators) could still covary with species abundance and create NCDD patterns in forest communities.
Conclusions.-Among species, there were widespread negative feedback responses for seedlings inoculated with soil microorganisms cultured by conspecifics, but some species also responded positively. Contrary to expectations, however, local species abundance did not impact soil microbial susceptibility. The impact of soil microorganisms, however, was most strongly related to shade tolerance, which critically influences the dynamics of forest communities (Kobe et al. 1995 , Pacala et al. 1996 . Thus, rather than soil microorganisms causing negative feedbacks that constrain the abundance of common species, our results suggest that soil microorganisms may exaggerate seedling shade tolerance differences among species which in turn may influence species coexistence through enhancing light gradient partitioning.
